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Summary

Mobilized peripheral blood stem cells (PBSC) have become the main source for autologous and allogeneic hemopoi-
etic stem cells transplantation (HSCT) following myeloablative therapy in patients with hematological malignancies
or solid tumors. Classical strategies for PBSC mobilization include administration of granulocyte colony-stimulating
factor (G-CSF) alone or in combination with other agents or myelosuppressive chemotherapy. PBSC mobilization and
collection have been optimized in numerous clinical trials, but a proportion of patients fail to mobilize. The aim of the
study was to establish the influence of diagnosis, sex, age, number of previous courses of chemotherapy, mobilization
regimen, and bone marrow (BM) involvement on the outcome of peripheral blood stem cell mobilization.

Patients and methods. 121 patients with hematological malignancies and solid tumors were included in the study
(Hodgkin’s lymphoma (HD) (n=24), non-Hodgkin lymphomas (NHL) (n=29), multiple myeloma (MM) (n=32), acute
leukemias (AL) (n=15), and solid tumors (ST) (n=21)). 100 patients (82%) were mobilized with G-CSF, and a combi-
nation of chemotherapy and G-CSF was used in 21 patients (18%). 57 patients (49%) received more than six courses of
chemotherapy and 74 (51%) less than six respectively. The criterion for adequate mobilization was a score of at least 2.0
x 10° CD34+ cells/kg of body weight.

Results. In our trial there was no correlation between PBSC yield and the patient’s diagnosis, age, or gender. BM involve-
ment does not seem to be an independent factor, with significant adverse influence on PBSC mobilization (p=0.78). Stem
cell yield was significantly higher in those patients who received fewer than six courses of chemotherapy (10.0 £2.2 x 10°
CD*'/kg against 5.5 + 1.7 x 10° CD*"/kg (p=0.006)). A better outcome was seen in patients mobilized with chemotherapy
plus G-CSF than with G-CSF alone (8.12 + 1.12 x 10° CD***/kg against 6.9 £+ 0.9 x 10° CD**/kg (p=0.008)).

Conclusions. Diagnosis, age, sex, and bone marrow involvement does not influence the outcome of stem cell mobili-
zation. Better stem cell yield was seen in patients who received fewer than six courses of chemotherapy, and in patients

mobilized with cytokines combined with chemotherapy than cytokines alone.
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1. Introduction

In the early 1990s, PBSC replaced bone marrow as the prefer-
red source of stem cells because of the relative ease of coll-
ection, and the faster hematological recovery when compared
with bone marrow transplantation (BMT), which in turn leads
to fewer complications, and lowers the costs of the procedure [1].
Small but distinct numbers of HSCs are in circulating blood even
in the normal steady state, and recruitment of HSCs to peripheral
blood following chemotherapy and/or treatment with cytokines,
which is termed peripheral blood stem cell (PBSC) mobilization, is
necessary and widely used in clinical practice. Currently, high-
dose chemotherapy with autologous stem cell transplantation
is increasingly used in a wide range of hematological and so-
lid malignancies [2,3]. Successful autologous peripheral blood
stem cell transplantation (ASCT) depends on the infusion of an
adequate number of peripheral blood progenitor cells (PBPC).
For rapid hematological recovery and durable engraftment, an
infusion of a minimum of 2.0 x 10° CD34+ cells per kg of a
patient’s body weight (/kg) is required. However, a CD34+ cell
dose of 5.0 x 10%kg or greater may be optimal and preferred,
as virtually all patients infused with this dose experience hema-
tological recovery within two weeks. The identification of risk
factors of poor PBPC collection in patients with hematologic
or solid malignancies is of clinical relevance for therapeutic
decisions. In recent years, some of the underlying physiology
has been elucidated, leading to the development of new mobi-
lization strategies. Expression of the G-CSF receptor on stem
cells is not required for mobilization. G-CSF or myelosuppres-
sive therapy acts via secondary pathways, including the che-
mokine stromal-derived factor-1 and its receptor CXCR4 [4]. A
multitude of agents are being developed and tested to be used
alone or in combination with G-CSF or chemotherapy in order
to successfully remobilize poor mobilizers, reduce the number
of apheresis sessions and/or the amount of G-CSF required for
successful PBSC mobilization. Furthermore, the combinations
and new agents are used to improve the hematopoietic reco-
very after PBSC transplantation [5]. New chemokine receptor
agonists lead to a rapid and substantial PBSC mobilization. A
pegylated G-CSF (pegfilgrastim) now has become available.
The administration of a single dose of 30-300ug/kg of pegfil-
grastim resulted in a significant mobilization of CD34+ cells
in tumor patients treated with chemotherapy [6,7]. The com-
bination of stem cell factor (SCF), a cytokine acting on early
stem cells, with G-CSF resulted in improved mobilization in
conjunction with reduced apheresis numbers in multiple mye-
loma patients [8-10]. In 44% of heavily pretreated patients with
Hodgkin’s disease or non-Hodgkin’s lymphoma, it resulted in a
successful mobilization (5 x 10 CD34+ cells/kg bw) compared
with only 17% in the G-CSF group [1]. Significant progress
has been made in understanding the mechanisms of PBSC mo-
bilization. This has led to the development of new agents that
are already being tested in clinical trials. AMD-3100, a small
synthetic molecule and a partial CXCR4 agonist, is the most
promising compound in this series [11,12,10].

We have retrospectively analyzed data from 121 consecutive pa-
tients with malignancies who had undergone PBPC harvests to
define the predictive factors that affect the ability to collect an
adequate number of PBPC for AHSCT, and the time to reach the
target PBSC collection.
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2. Materials and methods
2.1. Patients

121 patients undergoing autologous stem cell transplantati-
on between February 2000 and December 2005 were in our
center. The patients’ diagnoses, gender, median age, median
number of lines of prior chemotherapy, and disease status at
transplantation, and the percentage of patients who received
prior radiotherapy are listed in Table 1. Patients were enrolled
in the study if they were eligible for autologous stem cell trans-
plantation. All patients signed informed concern approved by our
local ethics committee.

Number of patients N=121
Median age at mobilization (years) 43 (18-67)
Gender

F 52 (46.6%)
M 69 (53.4%)
Diagnosis

Multiple myeloma 32 (38.4%)
Hodgkin’s disease 29 (18.6%)
Non-Hodgkin’s lymphomas 24 (27.7%)
Acute leukemias 15 (9.1%)
Solid tumors 21 (6.2%)
Complete remission at mobilization

Yes 84 (82.08%)
No 37 (17.91%)
Bone Marrow involvement at mobilization

Yes 17 (3.25%)
No 104 (96.75%)
Median number of previous chemotherapy 8 (1-18)
courses

Previous radiotherapy

Yes 26 (28.3%)
No 95 (71.7%)
Mobilization regimen

G-CSF 100
G-CSF+ chemotherapy 21

Median of leukapheresis procedures/patient 2 (1-3)
Median of CD34+ cells collected per patient 6.5 (1.2-24.6)
(x 106/kg of patient weight)

Table 1. Patient characteristics

2.2. PBSC mobilization, harvest and CD34+ cell quantification

100 patients were mobilized with G-CSF alone (Neupogene, Roche,
USA) with a dosage of 10ug/kg subcutaneously twice daily.
21 patients received high-dose cyclophosphamide at 4,000 mg/m?.
Others were mobilized with various disease-specific chemotherapy
regimens that were chosen for both their efficacy against the
patients® disease and their ability to induce a WBC rebound
following marrow aplasia. The most common chemotherapy re-
gimens were BEACOPP (cyclophospamide, etoposide, doxoru-
bicine, procarbazine, vincristine, bleomycine, prednisolone),
dexaBEAM (carmustine, cytarabine, etoposide, dexamethasone,
melphalane), and DHAP (cytarabine, cisplatin, dexamethasone).



For patients mobilized with cyclophosphamide or other chemothera-
py, the first dose of G-CSF was given subcutaneously at a dose
of 5 mg/kg/day from the day +5 after chemotherapy had ended,
and continued until the day before the last leukapheresis. In all
cases the criterion for adequate mobilization was a score of at
least 2.0 x 10° CD34+ cells/kg of body weight.

2.3 Collection and cryopreservation of PBSCs

PBPC were collected with a continuous-flow blood cell separa-
tor (Fenwal CS3000 plus, Baxter healthcare, Deerfield, IL, USA).
Each apheresis procedure was performed for approximately 2 to
4 hours, processing 10-14 1 of whole blood volume. The total
MNC count and CD34+ count of the leukapheresis product was
monitored daily following each collection. When the white blood
count (WBC) had risen to greater than 1000 cells/pl, the daily
peripheral CD34+ count was determined. PBSC collection began
when peripheral CD34+ numbers were >10 cells/ul. The goal was
to collect >2.0 x 10° cells CD34+cells per kg of patient weight,
which was the criterion for adequate PBPC collection in our stu-
dy. However, PBPC harvests were discontinued after at least two
days from the initiation of leukapheresis when it seemed that they
were not likely to yield <0.2 x 105 CD34+ cells/kg per day. The
cells were cryopreserved according to standard procedure using a
Planer programme freezer (UK).

2.4 CD34+ cell enumeration

CD34+ cells were enumerated in the peripheral blood and
leukapheresis product by using flow cytometry. Briefly, 5 ml
aliquots of the samples were incubated for 20 min at room
temperature with phycoerythrin (PE)-conjugated monoclonal
antibody (moAb) anti-CD34, and fluorescein isothiocyanate
(FITC)-conjugated moAb anti-CD45. After incubation, red
cells were lysed and washed in phosphate-buffered saline.
Cells were analyzed by flow cytometer FACScalibur (Becton
Dickinson, San Jose, CA, USA). 100,000 cells were analyzed
for each sample.

2.5 Response to mobilization

Patients were divided into “good” and “poor” mobilizers. Good
mobilizers were defined when >2.0 x 10° cells of CD34+ per kg
of patient weight could be collected in a maximum of three
leukapheresis procedures. Patients who were poor mobilizers
needed more than three leukapheresis procedures to collect
a number <2.0 x 10° cells CD34+ per kg of patient weight, and
when a minimum of 10 CD34+ cells/ul was not reached in the peri-
pheral blood after mobilization.

2.6. Statistics

The results of the study were analyzed with SPSS 13.0, using pa-
rametric and non-parametric methods.

3. Results

We analyzed 316 mobilization cycles in 121 patients. 104 patients
(85%) achieved at least 2.0 x 10° CD 34+ cells/kg of body weight.
17 patients (15%) were poor mobilizers. Data of all patients are
summarized in Table 2.

Number of CD34+ x 10° cells/kg
body weight
Age at mobilization (years)
> 50 4.7+2.1
<50 5.3+1.7, p=0.76
Gender
Female 6.8+2.5
Male 5.8+ 2.6, p=0.89
Bone Marrow involvement at
mobilization
Yes 7.2+£3.8
No 9.4+1.6, p=0.78
Complete remission at mobili-
zation
Yes 6.742.2
No 5.6+£3.1, p=0.23
Median number of previous
chemotherapy courses
>6 3.2£2.0
<6 7.9+4.3, p<0.0001
Previous radiotherapy
Yes 5.9+3.6
No 6.4£3.4, p=0.5
Mobilization regimen
G-CSF 6.745.2
G-CSF+ chemotherapy 14.7+3.9, p<0.008

Table 2. Results of HSC mobilization

3.1 Influence of diagnosis, gender, and age on PBSC mobi-
lization

In our trial there was no correlation between PBSC yield and the
patient’s age. The same was true of gender. There was also no
influence on PBSC mobilization kinetics due to their diagnosis.

3.2 Influence of bone marrow involvement

The influence of marrow involvement on PBPC mobilization was
studied in patients with multiple myeloma and non-Hodgkin lym-
phomas. We didn’t observe a significant difference in blood levels
of CD34+ cells or apheresis yields between patients who didn’t
reach complete response of the disease after previous chemothe-
rapy and who had more or less than 50% marrow infiltration at the
time of aperesis (data not shown).

3.3 Influence of previous cytotoxic chemo- and radiotherapy

A poor mobilization of progenitor cells was observed in patients
who had been intensively treated with chemotherapy. Therefore, in
those patients who had received a greater number of different che-
motherapy regimens prior to harvest, the number of CD34+ cells
collected was lower. This was observed when comparing patients
who had received 1-5 pre-mobilization cycles of chemotherapy,
and patients with more than 5 cycles (p<0.01). Additionally, lower
progenitor cell yields were obtained in patients who had received
melpalan-containing regimens (miniBEAM, DexaBEAM, mel-
phalan plus prednisolone), than in patients without these charac-
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teristics. By contrast, prior radiotherapy wasn’t a significant factor
affecting PBPC yield (p=0.5). In previously irradiated patients the
mean number of CD34+ cells per apheresis was 5.9 x 10%kg, while
in those who did not receive radiation therapy the mean number
was 6.4 x 109/kg.

3.4 Influence of mobilization regimen

We have studied the effects of G-CSF on chemotherapy-induced
stem cell mobilization on peripheral blood and on the yield of
stem cell harvest in patients with hematological malignancies.
The results of mobilization were much better when using a com-
bination regimen of G-CSF and chemotherapy, than G-CSF alone
(p=0.008) (see Table 2).

Conclusion

The number of CD34+ cells transplanted can help predict the
speed of engraftment after myeloablative therapy [13]. A subset
of patients, often heavily pretreated, do not achieve satisfactory
PBSC mobilization [14]. Many studies proved that prior radio-
therapy and chemotherapy with alkylating agents (melphalan,
carmustine) adversely affect mobilization [15,16]. Melphalan is
particularly stem-cell toxic, and even a low dose given orally be-
fore mobilization results in reduced CD34+ cell mobilization [4].
The most negative predictive factor for progenitor cell yield in
our study was the extent of prior chemotherapy, as has been de-
scribed for chemotherapy mobilization [17,18]. Pretreatment with
more than six cycles of chemotherapy resulted in a significantly
lower cell harvest than pretreatment with fewer than six cycles
(p<0.0001). We observed that in patients who received more than
six cycles of chemotherapy pCD34+ cell count was achieved la-
ter and showed a lower maximal height of pCD34+ cells/l PB.
This finding agrees with previous studies supporting that PBSC
collection should be performed early in the course of disease to
avoid CT-induced stem cell damage [4,14,18]. Further studies of
new mobilization agents (pegylated G-CSF, CXCR-inhibitors)
and their combinations are needed to improve the result of stem
cell mobilization and to solve the problem of so-called “poor”
mobilizers.
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Ccoinka: Knemounas mepanus u mpancnianmayus, mom I, nomep 3, 2009

Onenka (paKTOpPoOB, BIANSIOINX HA 3P (PeKTUBHOCTH MOOMIN3AIUH
reMONo3THYECKUX CTBOJIOBBIX KJIETOK NMepu(epu4ecKoil KPOBH y MallMeHTOB ¢
reMo0,1acTO3aMH M COJTHIHBIMH ONYXOJISIMHA

Anekcees C., babenxo E., Octpuna M., Muxaiinosa H., 3ybaposckas JI., Adanacees b.

Pe3rome

Llenbro mobmnu3anuu ['CK sBnsiercst monyuenue He menee 2x10° CD34+ knerok
Ha KWJIOIPaMM Macchl T€la PELUNMEHTA, YTO IPUHATO CUYMTATh HUOKHUM YPOBHEM,
MO3BOJISIFOIIUM JIOCTHYB OBICTPOTO U YCTOMYMBOTO MPHKUBICHHS TPAHCILJIAHTATA.
OmnbiT ucnonb3oBanus [-KC® B kauecTBe MOOMIIM3YIOLIETO areHTa IMO3BOJIHI
pa3paboTaTh CTaHJAPTHBIC CXEMbl CTUMYISILUHU. TeM He MeHee, y ONpeAeTIeHHOM
4acTU NALMEHTOB NPU IUIAHUPOBAHUHU ayTOJIOTMYHOW TPAHCILIAHTALlMM B XOJE
CTaHJAPTHOM MpoLenypbl MOOMIM3AIMK HE YAAETCS MONYyYUTh IOCTATOYHOIO
konuuectsa ['CK. I1moxoit 0TBET Uil OTCYTCTBHE OTBETA HA MOOMITH3AINIO TpeOyeT
NPOBEIEHUS MOCIENYIOIEeH PeMOOUIN3aMU W/UIN JOMOIHUTEIBHBIX MPOLEAYp
adepesa, YTO HETATUBHO CKA3bIBAETCS HA COCTOSHUM MAIMEHTA, & TAK)KE IIPUBOAUT

K YBCIIMYCHUIO SKOHOMHUYCCKUX 3aTpar.

3HaYUTENIHOE YHMCIIO MAIlMEHTOB, IJIOX0 OTBEYAIOIMX HAa MOOMIIM3AIMIO, JAeTaeT
HEOOXOIMMBIM aHaidu3 (PAKTOpoB, BIMAOMMX HAa 3PPEKTUBHOCTH HTAHHOTO
nporiecca. B uccnenoBannu mpoBeieH aHAIN3 KIMHUKO-IA00PAaTOPHBIX JaHHbIX C
LIEJIBIO BBISIBIICHUS (PAaKTOPOB, OKA3bIBAIOIINX BIUSHHUE HA PE3YJIBTAT MOOMIN3AIIUH.

KiroueBble cjioBa: CTBOJIOBBIE KJIETKH, MOOMIM3anus, nepudepuyeckas KpoBb,
['-KC®, xumuoTrepanusi, KOMOMHUPOBAHHBINA IPOTOKOJI, HCXOJ] TPAHCITIAHTALUU
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